Cranial irradiation for the treatment of brain tumors causes a delayed and progre ssive cognitive decline that is pronounced in young patients. Dysregul ation of neural stem and progenitor cells is thought to contribute to these effects by altering early childhood brain development. Earlier work has shown that irradiation creates a chronic neuroinflammatory state that severely and selectively impairs postnatal and adult neurogenesis. Here we show that irradiation induces a transient non-classical cytokine response with selective upregula tion of CCL2/monocyte chemoattractant protein-1 (MCP-1). Absence of CCL2 signaling in the hours after irradiation is alone sufficient to attenuate chronic microglia activation and allow the recovery of neurogenesis in the weeks following irradiation. This identifies CCL2 signaling as a potential clinical target for moderating the long-term defects in neural stem cell function follow ing cranial radiation in children.
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Introduction
Radiation therapy is used in the treatment of many cancers and when the radiation fields include the central nervous system (CNS), patients often experience delayed and progressive neurological sequelae (Abayomi, 1996; Madsen et al., 2003 ) . This is particular ly true of very young patients and is pronounced when the irradiation fields encompass the late-deve loping structure s of the brain that support ongoing neurogen esis, such as the temporal lobe and ventricular zones. Hippocampus -dependent functions of learning and memory are exquisitely sensitive to radiation therapy in both children and animals (Abayomi, 1996; Madsen et al., 2003; Mizumats u et al., 2003; Saxe et al., 2006 ) . In rodents, it has been shown that neurogenes is within the granule cell layer of the hippocampal dentate gyrus is a strong predictor of hippocampal functiona l integrity (Shors et al., 2001 (Shors et al., , 2002 and it is now known that even a single fraction of irradiation can permanently ablate >90% of postnatal hippocampal neurogenesis in rodents (Monje et al., 2002 ) .
It is thought that radiation therapy reduces postnatal neurogenesis through two mechanism s. Ionizing radiation induces an acute apoptosis in dividing progenitor cells thereby reducing the pool of mitotic neural stem and progenitor cells (Limoli et al., 2004; Mizumats u et al., 2003 ) . Radiation-indu ced changes to signaling within the progenitor cell microenvironm ent further reduces the fraction of remaining cells that adopt a neuronal fate and integrate into the adult hippocampal neural network (Ekdahl et al., 2003; Monje and Palmer, 2003 ) . Combined, these two effects can virtually eliminate neurogen esis in adult rats following a single exposure to 10 Gy cranial X-irradiation. In humans, multiple fractions are used and we have shown in post-mortem analysis that neurogenesis is impaired in the hippocamp us for up to 15 years following radiotherapy (Monje et al., 2007 ) .
Microglial recruitment and activation play a significant role in this injury response and we have found that the extent of microglial activation inversely correlates with post-irrad iation neurogenesis (Monje and Palmer, 2003 ) . Modification of the inflammatory state with non-steroidal anti-inflammatory drugs (NSAIDS) can partially restore neurogenesis in the irradiated rodent hippocampus (Monje et al., 2002 (Monje et al., , 2003 , suggesting that innate immune activation and chronic inflammation plays an important role in neural progenito r regulation. Although steroidal anti-inflammatory drugs are often used following cranial irradiation, these drugs can directly inhibit neurogenesis (Cameron et al., 1998; Gould et al., 1992 ) and novel strategie s for controlling inflammation are needed if protecting postnatal neurogenesis is to be included in clinical treatment goals. Unfortunate ly, the specific immune signaling cascades that mediate this unusually persistent inflammation are
